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(57) Abstract

A system for measuring the blood glucose level in a sample of a patient's blood. Consumable test strips (5) are provided together with

a code (7) which identifies the manufacturing batch of the strip (5). A measurement unit (2) is provided and is coupled to a mobile telephone

(1). The measurement unit (2) is arranged to receive a test strip (5) and to determine a colour change in a reagent (4) due to reaction of

the reagent (4) with a blood sample. The identification code (7) is read at the same time by the measurement unit (3) and is transmitted by

the mobile telephone (1) to a central database (9) provided by the test strip manufacturer. The database (9) contains identification codes

(7) together with associated calibration data. Upon receipt of an identification code (7) the remote database (9) transmits the associated

calibration data to the mobile telephone (1) which uses the calibration data to calculate a test result from the measured change in colour.

The result can be displayed to the patient on a display of the telephone (1).
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CALIBRATION OF MEASURED PHYSICAL PARAMETERS

The present invention relates to measurement apparatus and in particular to

measurement apparatus which makes use of a consumable reagent in a measuring

5 process.

There are many examples of measurement apparatus which make use of a consumable

reagent as part of a measuring process. Consumable reagents are generally of a

chemical, biochemical, or biological nature. One example of such an apparatus is a blood

10 glucose meter designed to measure the level of glucose in a sample of a patient's blood.

A small amount of a suitable reagent is printed or otherwise deposited onto an elongate

plastic strip which can be inserted into the blood glucose meter. The meter comprises a

reflectometry based measuring system which detects a change in the colour of the printed

reagent due to a reaction between the active reagent and glucose present in the blood

15 sample.

It will be appreciated that in the case of a blood glucose meter, where a patient

determines an insulin treatment regime on the basis of blood glucose measurements, the

accuracy of the meter is critical. This requires very precise calibration of the meter. Initial

20 calibration of the meter is normally carried out during and immediately following

manufacturing, with certain calibration data being stored in permanent memory of the

meter. However, calibration of the meter at this stage cannot easily account for changes

and variations in the properties of the consumable reagents themselves, variations which

might arise due to slight changes in the manufacturing process of the reagent and the

25 test strip, environmental factors such a temperature and humidity, and changes in the

property of the reagent over time.

It is known to provide blood glucose test strips, or rather a pack of such test strips, with a

machine readable memory in which calibration data is stored. When a new pack of test

30 strips is opened, the machine readable memory is read by the meter and calibration data

downloaded into the memory of the blood glucose meter. In this way it is possible to take

account of reagent manufacturing variations in the calibration of the meter. However, it

will be appreciated that providing a machine readable memory with each packet of test

strips is relatively expensive both in terms of the hardware required and in terms of the

35 additional time required to program the memory during the manufacturing process.
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In addition, it remains difficult to account for changes in the properties of a reagent over

time. At best, only a poor estimate can be made based upon some predetermined criteria

and only then if the age of the reagent is known. As such, manufacturers of blood

glucose test strips tend to supply test strips in very limited numbers and make tight

5 specifications for storage and lifetime to ensure that the properties of the reagents remain

within desired limits. These specifications tend to work against economies of scale in the*

manufacturing and distribution of test strips.

These problems are not limited to blood glucose test strips and apply equally to other

1 0 fields in which consumable reagents are used.

According to a first aspect of the present invention there is provided a measurement

system comprising:

measurement apparatus for measuring a physical parameter using a consumable

15 reagent, said reagent having an identification code associated therewith;

automatic telephone answering means;

a database coupled to the automatic telephone answering means and containing a

set of consumable reagent identification codes and respective calibration data;

means for coupling the measurement apparatus to the automatic telephone

20 answering means via a telephone link,

the automatic telephone answering means being arranged to receive an

identification code transmitted from the measurement apparatus over said telephone link,

to subsequently access said database to identify the calibration data associated with said

transmitted identification code, and to either transmit the identified calibration data to the

25 measurement apparatus, or to calculate a test result using the identified calibration data

and transmit the test result to the measurement apparatus.

By storing the calibration data for specific consumable reagents at a central database, it is

possible to update the calibration data to reflect changes which may occur to the

30 consumable reagents over time. Furthermore, it is no longer necessary to supply the

calibration data to the end user with the reagents. This simplifies the manufacturing

process and also eliminates the need to supply complex memory means to the end user.

A further advantage of the present invention is that data generated by the measurement

apparatus using the consumable reagent can be transmitted to the central database

35 where information from many apparatus can be collected and analysed.
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In one embodiment of the present invention, the automatic telephone answering means is

arranged to transmit calibration data associated with the received identification code back

to the measurement apparatus. The measurement apparatus comprises data processing

means for processing said measured physical parameter, using the received calibration

5 data, to provide a test result Preferably, the measurement apparatus comprises a

display for displaying the test result to a user.

In an alternative embodiment of the present invention, the measurement apparatus is

arranged to transmit said measured physical parameter to the automatic telephone

1 0 answering means together with said identification code. The system further comprises

data processing means, coupled to the database and the automatic telephone answering

means, for calculating a test result using the identified calibration data and the received

physical parameter. The automatic telephone answering means is arranged to transmit

the test result back to the measurement apparatus, e.g. for display on a display of the

15 apparatus. An advantage of this embodiment is that it is possible to use relatively

complex algorithms to compute the test result due to the relatively high processing

capability which can be provided at a central facility. Furthermore, the algorithm can be

easily updated or modified.

20 Preferably, the identification code is provided with the consumable reagent in a machine

readable form. For example, the code may be contained in a bar-code or in a solid state

memory. The measurement apparatus is provided with a machine reader which is

capable of reading the identification code into a memory of the measurement apparatus.

An identification code may be provided with each individual consumable reagent or may

25 be provided with a batch of such units. Where the consumable reagents are provided on

a test strip, the code may be provided on one such test strip or on a dummy strip.

In an alternative embodiment, the identification code is provided in a human readable

form. The measurement apparatus comprises a user interface for allowing the user to

30 enter the identification code. For example, the user interface may be a keypad.

The measurement apparatus may comprise mobile telephone apparatus which is able to

connect the measurement apparatus to the database via a wireless transmission channel.

A measurement unit of the apparatus may be integral with said mobile phone or may be

35 connectable thereto. Data may be transmitted between the mobile telephone apparatus

and the automatic telephone answering means via a data call. In the case that the mobile
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telephone apparatus is a digital telephone apparatus according to the GSM system, the

data may be transmitted using the short messaging system (SMS).

The present invention is applicable, for example, to a system for measuring the glucose

5 level in a sample of a patient's blood.

According to a second aspect of the present invention there is provided a consumable

reagent, or a pack of consumable reagents, in combination with an identification code,

said reagent(s) being for use with the measurement system of the above first aspect of

10 the present invention, where said identification code identifies a set of calibration data

stored in said database.

Preferably, the combination of the second aspect of the present invention comprises a

machine readable memory by means of which said identification code is stored. The

1 5 memory may be a bar code, memory chip, magnetic strip, or any other suitable means.

According to a third aspect of the present invention there is provided a method of deriving

a test result from a physical parameter measured using a measurement apparatus and a

consumable reagent, the method comprising;

20 providing a consumable reagent together with an identification code;

providing a database containing a set of identification codes and respective

calibration data;

transmitting said identification code from the measurement apparatus to the

database via a telephone link; and

25 automatically responding to receipt of the transmitted identification code by

identifying the corresponding calibration data in the database, and transmitting that data,

or a test result determined using the data, back to the measurement apparatus.

Preferably, said telephone link comprises a mobile telephone link, wherein the

30 measurement apparatus comprises a measurement unit coupled to mobile telephone

apparatus.

For a better understanding of the present invention and in order to show how the same

may be carried into effect reference will now be made, by way of example, to the

35 accompanying drawings, in which:

Figure 1 shows a measurement system embodying the present invention; and
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Figure 2 is a flow diagram illustrating a measurement method implemented by the

system of Figure 1.

There is shown in Figure 1 a system which is capable of providing a diabetic patient with

a blood glucose level test result. The system comprises a mobile telephone 1 which is

shown from the rear in Figure 1 and in which the keyboard and display are not visible. .

jhe telephone comprises modified software but is otherwise conventional. However, in

place of the conventional battery, a measurement unit 2 is provided which can be inserted

into the slot on the rear of the mobile phone 1 normally occupied by the battery. The

measurement unit 2 contains a reduced size battery unit (not shown) for powering the

measurement unit 2 and the phone 1

.

The measurement unit 2 contains an internally arranged reflectometry system 3 which is

operable to measure the colour change in a consumable reagent 4 relative to some

predetermined base level. The consumable reagent 4 is printed, or otherwise deposited,

on a surface region of an elongate test strip 5. The test strip 5 is insertable into a slot 6

provided in the side of the measurement unit 2 and which provides access to the

reflectometry system 3.

In addition to the consumable reagent 4, the test strip 5 is provided with a barcode 7

printed on its upper surface. The barcode 7 represents an identification code which

identifies the manufacturing batch number of the test strip 5. The measurement unit 2

contains an optical reader, aligned with the slot 6, which reads the barcode 7 when the

test strip 5 is inserted into the slot 6. The optical reader may be an independent internal

component of the measurement unit 2, but is preferably provided, at least in part, by the

reflectometry system 3. In either case, the read identification code is stored in a memory

8 of the measurement unit 2 or of the telephone 1

.

The manufacturer or distributor of the test strips 5 maintains a central database 9

containing a set of identification codes, each of which uniquely identifies an individual

manufacturing batch of test strips 5. Associated with each identification code is a set of

calibration data. This calibration data typically includes an offset value and a scaling

factor which can be used to relate a measured colour change to a blood glucose level

(non-linear calibration data may also be provided). Calibration data for a batch of test

strips is initially determined following manufacture of a batch, for example by comparing

the results of a test carried out using a typical measurement unit and by laboratory
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analysis. The calibration data however is updated at regular time intervals by re-testing

samples taken from a retained test strip stock.

An automatic telephone answering device 10 is located at the manufacturer's (or

5 distributor's) premises and is coupled to both a telephone line 1 1 and to the database 9.

The operation of this device 10 is described below.

To initiate a blood glucose test, the patient activates a measurement sequence using a

menu displayed on the phone's display. The patient then deposits a small amount of

1 0 blood on top of the reagent 4. After a short time, the test strip 5 is fully inserted into the

slot 6. Upon insertion, the identification code conveyed by the barcode 7 is read into the

unit's memory 8. The colour change in the reagent 4 is then determined by the

reflectometry system 3 and the result also read into the unit's memory 8.

1 5 The patient is then prompted, by a message displayed on the telephone's display, to

initiate a data call to the remote automatic telephone answering device 10. Following

acceptance of the prompt by the user, the telephone 1 opens a data channel with a

cellular telephone 12 network and transmits the read identification code to the automatic

telephone answering device 10 via the telephone line 11. The answering device 10

20 responds by accessing the database 9 and downloading therefrom the calibration data

corresponding to the received identification code. The answering device 10 then formats

the calibration data and transmits it back to the mobile telephone 1 via the cellular

network 12.

25 The calibration data received by the telephone 1 is stored in the memory 8. The

telephone then proceeds to calculate a blood glucose test result using the measured

colour change, the received calibration data, and a calculation algorithm which is pre-

stored in the measurement unifs memory 8. This calculation is carried out by a central

processing unit 1 3 of the phone 1

.

30

The main steps associated with the measurement process at the measurement apparatus

are shown in the flow diagram of Figure 2.

It will be appreciated that the same result can be obtained by transmitting the measured

35 colour change from the measurement unit 2 and the mobile telephone 1 , to the remote

database 9, together with the identification code. The database 9 can then process the
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measured value using the calibration data to generate a test result. It is then not

necessary to transmit the calibration data to the measurement unit 2 and only the test

result needs to be transmitted. The result received by the mobile telephone 1 can then be

displayed directly on the telephone's display.

5

In addition to providing the measurement unit with the most up to date calibration data,.

the system described above provides a number of other significant advantages. For

example, if a user mistakenly tries to use a test strip which has passed its 'use by* date,

the user can be notified of this, and the measurement blocked, by the database and the

1 0 automatic answering device. Accurate records can also be kept, by the database, of the

usage pattern of test strips.

It will be appreciated that modifications may be made to the above described embodiment

without departing from the scope of the present invention. For example, whilst the

15 embodiment described above makes use of a mobile telephone, alternative embodiments

may use land line telephones or two-way pagers.



WO 99/22236 PCT/FI98/00740

8

Claims

1 . A measurement system comprising:

measurement apparatus (1,2) for measuring a physical parameter using a

5 consumable reagent (4), said reagent having an identification code (7) associated

therewith;

automatic telephone answering means (10);

a database (9) coupled to the automatic telephone answering means (10) and

containing a set of consumable reagent identification codes and respective calibration

10 data;

means (1) for coupling the measurement apparatus to the automatic telephone

answering means (1) via a telephone link (1 1 ,12),

the automatic telephone answering means (1 0) being arranged to receive an

identification code transmitted from the measurement apparatus (1 ,2) over said telephone

1 5 link (1 1 ,12), to subsequently access said database (9) to identify the calibration data

associated with said transmitted identification code, and to either transmit the identified

calibration data to the measurement apparatus (1 ,2), or to calculate a test result using the

identified calibration data and transmit the test result to the measurement apparatus (1,2).

20 2. A system according to claim 1 , wherein the automatic telephone answering means

(10) is arranged to transmit calibration data associated with the received identification

code back to the measurement apparatus (1 ,2) and the measurement apparatus (1 ,2)

comprises data processing means (13) for processing said measured physical parameter,

using the received calibration data, to provide a test result.

25

3. A system according to claim 1 , wherein the measurement apparatus (1 ,2) is

arranged to transmit said measured physical parameter to the automatic telephone

answering means (10) together with said identification code, the system further

comprising data processing means (9), coupled to the database (9) and the automatic

30 telephone answering means (10), for calculating a test result using the identified

calibration data and the received physical parameter, the automatic telephone answering

means (10) being arranged to transmit the test result back to the measurement apparatus

(1,2).

35 4. A system according to any one of the preceding claims, wherein the identification

code is provided with the consumable reagent (4) in a machine readable form (7).
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5. A system according to claim 4, wherein the identification code (7) is contained in a

bar-code or in a solid state memory and the measurement apparatus (1 ,2) is provided

with a machine reader (3) which is capable of reading the identification code into a

5 memory (8) of the measurement apparatus (1 ,2).

6. A system according to any one of the preceding claims, wherein the measurement

apparatus (1,2) comprises mobile telephone apparatus (1) which is able to connect the

measurement apparatus (1 ,2) to the database (9) via a wireless transmission channel

10 (12).

7. A system according to any one of the preceding claims, wherein the measurement

apparatus (1 ,2) is arranged to provide a measure of the glucose level in a sample of a

patient's blood.

15

8. A consumable reagent (4), or a pack of consumable reagents, in combination with

an identification code (7), said reagent(s) (4) being for use with the measurement system

of any one of the preceding claims, where said identification code (7) identifies a set of

calibration data stored in said database (9).

20

9. The combination of claim 8, comprising a machine readable memory by means of

which said identification code (7) is stored.

10. A method of deriving a test result from a physical parameter measured using a

25 measurement apparatus and a consumable reagent, the method comprising;

providing a consumable reagent together with an identification code;

providing a database containing a set of identification codes and respective

calibration data;

transmitting said identification code from the measurement apparatus to the

30 database via a telephone link; and

automatically responding to receipt of the transmitted identification code by

identifying the corresponding calibration data in the database, and transmitting that data,

or a test result determined using the data, back to the measurement apparatus.
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11. A method according to claim 10, said telephone link comprising a mobile

telephone link, wherein the measurement apparatus comprises a measurement unit

coupled to mobile telephone apparatus.
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